ice cores by supplying additional information about hydrologic variability on land from a wide array of karst settings, ranging from the deep tropics to the Alps. The combination of precipitation and temperature paleoclimate records help to describe the mechanisms of climate changes, and can be used as targets for global climate models run with different climatic forcings.
Speleothems have several advantages as paleo-proxies that make them well-suited to the study of past terrestrial climates. First, speleothems form in caves, which are ubiquitous on all continents, including the tropics, where ice cores are rare. Second, the uranium-decay series provides the means to measure absolute ages on speleothems as old as ~600 kyrs with relative errors of ~0.5-1% (Edwards et al., 1987; Cheng et al., 2000) . Third, several different proxies (some geochemical and some morphological) can be used to probe patterns of past hydrological variability. Fourth, average growth rates of ~10-100 μm/yr yield decadally resolved proxy records, although in some cases faster growing speleothems allow for the generation of sub-annually resolved records (Treble et al., 2003; Johnson et al., 2006) . Lastly, speleothems form over many millennia, yielding long records of hydrologic variability. These attributes mean that long high-resolution records can be obtained from areas, such as the tropics, which are poorly resolved by other paleoclimate archives.
There O is correlated to temperature at high-latitude sites, and anti-correlated to precipitation amount at tropical sites. In the tropics and sub-tropics, the empirical, inverse relationship between rainfall amount and rainfall δ 18 O is called the "amount effect" (Dansgaard, 1964; Rozanski et al., 1993) . Efforts to calibrate speleothem proxies, including δ 18 O, to instrumental climate data have identified key environmental controls on speleothem proxy composition, such as rainfall amount, rainfall source, and temperature.
An excellent example of a speleothembased map of the paleo-hydrologic cycle comes from the last 10 kyr, when precessional insolation forcing dominated. At the beginning of the Holocene (~10 kyr), boreal summer insolation was at a relative maximum and austral summer insolation was at a relative minimum. Over the course of the Holocene, the strengths of the summer seasons in each hemisphere reversed, such that boreal summer insolation is presently at a relative minimum and austral summer insolation is at a relative maximum.
Speleothem records prove that these changes in summer insolation impacted the strength and position of deep convection throughout the tropics (seasonal extremes of which are shown in Fig. 1 ). These speleothem records exhibit sensitivity to changes in the strength and/or position of the large-scale atmospheric circulations associated with monsoonal troughs and/ or the Intertropical Convergence Zone (ITCZ). In all cases, the speleothem records suggest that summer insolation forcing is one of the most important drivers for tropical hydrological variability over the Holocene (Fig. 2) . For example, locations in both Oman (Fleitmann et al., 2003) and China (Wang et al., 2005; Hu et al., 2008) lie near the northern limit of the IndianAsian Monsoon system, and speleothem records from these sites display an early Holocene minimum in δ 18 O (interpreted as a maximum in rainfall). As a result, these precipitation records display a maximum in precipitation during the early Holocene when boreal summer insolation was at a maximum (Fig. 2 ). An early Holocene precipitation maximum is even present in the Mediterranean climate of Israel (BarMatthews et al., 2003) , suggesting that summers there may have been wetter 10 kyr ago (Fig. 2) .
Alternatively, speleothem records from Brazil (Wang et al., 2006) and South Africa (Holmgren et al., 2003) , which lie at the southern edge of monsoonal circulation regimes in the southern hemisphere, are consistent with early Holocene minima in rainfall (Fig. 2) . The wettest part of the record occurs during the late Holocene, consistent with austral summer insolation increasing through the Holocene (Fig. 2) .
The records from northern Borneo (Partin et al., 2007 ) display a mid-Holocene maximum that is consistent with its location at the fulcrum of the northern and southern hemisphere monsoonal circulations. The records from Borneo highlight the complex hydrological response of locations in the deep tropics to seasonal (BarMatthews et al., 2003) ; 2) Heshang Cave, China; (Hu et al., 2008) ; 3) Dongge Cave, China (Wang et al., 2005) ; 4) Qunf Cave, Oman (Fleitmann et al., 2003) ; 5) Snail Shell and Bukit Assam Caves, N. Borneo (Partin et al., 2007) ; 6) Botuverá Cave, Brazil (Wang et al., 2006) ; 7) Cold Air Cave, S. Africa (Holmgren et al., 2003) .
Science Highlights: Speleothem Research changes in insolation, and the need for additional records from the deep tropics.
Speleothems also offer the opportunity to determine the magnitude and absolute timing of terrestrial climate changes with records that contain sub-annual-to decadal-resolution. This characteristic makes them invaluable for the study of abrupt climate change. For example, a landmark speleothem record from China links abrupt changes in the Asian Monsoon to abrupt climate changes recorded in the Greenland ice cores (Wang et al., 2001) . The speleothem records from China have recently been extended to 224 kyr at a temporal resolution of ~40-70 years (Wang et al., 2008) . These extraordinary records highlight the ability of speleothems to provide climate information past MIS 5, beyond the limit of the Greenland ice cores. Speleothem records will continue to provide key constraints on the geographical extent to which abrupt climate changes affect precipitation over land.
While this article does not represent an exhaustive review of speleothem records, the small compilation of Holocene speleothem records shown in Figure 2 highlights the potential of constructing a global database of speleothem records that could be used to address a variety of paleoclimate challenges. Tree ring databases for the United States are a standard that speleothem records should try to attain; high spatial coverage at high temporal resolution over a long time period. Many authors have developed speleothem records across the globe from 100 kyr until present, however many gaps still exist. Also needed are companion calibration studies that enhance the climatic interpretation of the stalagmite records. Speleothem records show how the hydrologic cycle is affected by external forcing, as well as how natural climate variability impacts largescale precipitation patterns. These past changes in the hydrologic cycle have important consequences for water resource planning today as they define the range that planners should consider.
